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REVISION CHANGE SUMMARY

Revision A: Preliminary calculations issued for review.

Revision B: Incorporated client review comments. Changed the recommended pressure relief device
from a Zook Rupture Disk to a Leser Pressure Relief Valve.

Revision 0: Initial issuance of final calculations. Revision B calculation had no client review comments to
incorporate. Updated revision number of References 9, 10, 11, 12, 13, and 14. Updated
pressure relief valve, RA-PSV-158, set point in Section 2.0. No other criteria and/or design
inputs changed based on References revisions.
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1.0 PURPOSE /OBJECTIVE

AVANTech Incorporated has been awarded a contract for the design, manufacture, and factory acceptance
testing (FAT) of a Tank-Side Cesium Removal (TSCR) System. The specification governing this project is
WRPS specification RPP-SPEC-61910 [1]. There are three different styles of pressure vessels integrated
within the TSCR System, which includes the TSCR IXC-150 shielded pressure vessels, the TSCR shielded
filters, and the TSCR delay tank. These pressure vessels are all ASME BPVC, Section VIII, Division 1
stamped vessels.

This calculation will size the required pressure relief devices per ASME BPVC, Section VIII, Division 1 [2],
API 521 Standard [3], and API 520 Standard [4].

2.0 CRITERIA AND DESIGN INPUTS

ASME BPVC, Section VIII, Division 1, Section UG-125 ([2], pg. 89) states that all pressure vessels within
the scope of this Division, irrespective of size or pressure, shall be provided with overpressure protection
in accordance with the requirements of UG-125 through UG-138, or with the requirements of UG-140, or a
combination of the two. The TSCR System has three (3) different styles of pressure vessels, which are
the TSCR IXC-150 shielded pressure vessels (3 in TSCR System), the TSCR shielded filters (2 in TSCR
System), and the TSCR delay tank (1 in TSCR System). The design pressure of these three styles of
pressure vessels is 400 psig at 180 °F ([9], [10], and [11]). All three of these TSCR System pressure
vessels will be filled with liquid.

The set pressure for the TSCR System pressure relief valves will be the same as the design pressure of
the TSCR System pressure vessels, which is 400 psig at 180 °F. This set pressure is below the Maximum
Allowable Working Pressure (MAWP) of the TSCR System pressure vessels ([9], [10], and [11]).

The TSCR System will be pressurized by air compressor, SA-CMP-200, which feeds an air accumulator
tank, SA-TK-204. A pressure relief valve, SA-SRV-203, was selected as the overpressure protection
device for the air accumulator tank. The set pressure of this device is 110 psig ([13], Sheet 3). This
pressure relief device will provide overpressure protection due to system pressure for the TSCR System
pressure vessels.

The Reagent System design in the Ancillary Enclosure includes a pump, RA-P-139. The overpressure
protection from this pump for the TSCR System is provided by a pressure relief device, RA-PSV-158. The
set pressure of this device is 110 psig ([13], Sheet 2). This pressure relief device will provide
overpressure protection due to system pressure for the TSCR System pressure vessels

The TSCR Feed Line supplies the waste from the Double Shell Tank, 241-AP-107, to the TSCR System as
shown in the TSCR P&ID ([13], Sheet 6). The TSCR Feed Line operating pressure is 115 psig with the
design pressure being 400 psig ([15], Table 2-1, pg. 5). The design pressure of the TSCR Feed Line is
the same as the design pressure of the TSCR System pressure vessels.

Overpressure protection due to thermal expansion due to radioactive decay must be considered for the
TSCR System pressure vessels when they are isolated and full of liquid. For liquid-full systems, expansion
rates for the sizing of relief devices that protect against thermal expansion of the trapped liquids can be
approximated by using APl 521 Standard, Section 4.4.12.3 ([3], pgs. 32 - 34).

A pressure relief valve was selected as the overpressure protection device for the TSCR System pressure
vessels. The requirements for this device is explained in ASME BPVC, Section VI, Division 1, Section
UG-125 ([2], pg. 89), Section UG-126 ([2], pg. 90), Section UG-128 ([2], pg. 92), Section UG-129

([2], pg. 92), and UG-133 ([2], pg- 99).




Prepared By: J. Rogers / Date: 6/25/19 Page 6 of 13

Checked By: L. Harrison / Date: 6/25/19 Calc. No.: RPP-CALC-62495
Client Name: WRPS A VANTGC h Rev. No.: 0
1 N

Project No.: 1813 C O RPORALTESD Calc. Title: Pressure Relief Device
Project Title: Tank-Side Cesium Removal Calculation
Demonstration Project CALCULATION SHEET

Conservative Design Inputs:

CDI-1. The discharge piping/tubing of the pressure relief valve will not be obstructed from the pressure
relief valve to the drain header. This would cause excessive back pressure on the pressure relief
valve and it may not relieve properly.

CDI-2. The pressure vessels will be filled with liquid that has properties equivalent to water. This
assumption will produce conservative calculation results for determining the size of the pressure
relief valves.

CDI-3. The pressure relief valve sizing will use bounding case temperatures. These temperatures will be
slightly above the freezing temperature of water (5 °C) and slightly below the boiling temperature
of water (99 °C). This assumption will produce conservative calculation results for determining
the size of the pressure relief valves. Actual fluid temperature will be between the bounding

temperatures.
Tin == 5°C Minimum bounding temperature
Tnax := 99°C Maximum bounding temperature

CDI-4. The sump pump, WP-P-604, has the capability to produce back pressure on the discharge
piping/tubing of the TSCR System pressure relief valves. The maximum feet of head that the
sump pump can deliver will be used in this calculation. Using this value will produce conservative
results for determining the required discharge area of the pressure relief valve.

P, =40 ft_hd Maximum feet of head of sump pump, Attachment B, pg. B-1

3.0 APPLICABLE CODES AND STANDARDS

The sizing criteria for pressure relief devices are listed in the following codes and/or standards.

1. ASME BPVC.VIII.1-2017, Boiler and Pressure Vessel Code, Rules for Construction of Pressure Vessels,
Section VIlI, Division 1 [2]

2. API 521 Standard, Pressure-relieving and Depressuring Systems, 6th edition, 2014 [3]

3. API 520 Standard, Sizing, Selection, and Installation of Pressure-Relieving Devices in Refineries,
7th edition, 2000 [4]

4.0 METHODS

This calculation uses classical closed-form calculations based on applicable codes and/or standards
requirements using Mathcad 15.0.

5.0 ASSUMPTIONS

5.1 Not Requiring Confirmation
1. None

5.2 Requiring Confirmation
1. None
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6.0 COMPUTER

The following documentation pertains to the commercial-off-the-shelf (COTS) software used in the
performance of this work. Calculations in this analysis were performed using classical closed-form
calculation methods using Mathcad. Hardware and software characteristics are listed below.

Operating System: 64-bit Windows 7 Professional with Service Pack 1
Computer Identification: GSYDR52
Hardware Profile of Computer: Intel Xeon CPU E5-1630 V3 @ 3.70 GHz, 16.0 GB RAM
Software Name: Software Version:
Mathcad 15.0

7.0 REFERENCES

1. RPP-SPEC-61910, Specification for the Tank-Side Cesium Removal Demonstration Project (Project
TD101), Rev. 1, Washington River Protection Solutions

2. ASME BPVC.VIII.1-2017, Boiler and Pressure Vessel Code, Rules for Construction of Pressure
Vessels, Section VI, Division 1, American Society of Mechanical Engineers

3. API 521 Standard, Pressure-relieving and Depressuring Systems, 6th Edition, American Petroleum
Institute, 2014

4. API 520 Standard, Sizing, Selection, and Installation of Pressure-Relieving Devices in Refineries,
7th Edition, American Petroleum Institute, 2000

5. Perry's Chemical Engineers’ Handbook, 6th Edition, Robert H. Perry and Don W. Green, 1984

6. Mechanical Engineering Reference Manual for the PE Exam, 12th Edition, Michael R. Lindeburg,
2006

7. Fundamentals of Engineering Thermodynamics, 3rd Edition, Michael J. Moran and Howard N.
Shapiro, 1995

8. Technical Paper No. 410, Flow of Fluids Through Valves, Fittings, and Pipe, Crane Co., 1988

9. DS-1813-00, /IXC-150 Data Sheet, Rev. 1, AVANTech Incorporated

10. DS-1813-01, Filter Data Sheet, Rev. 1, AVANTech Incorporated

11. DS-1813-02, Delay Tank Data Sheet, Rev. 1, AVANTech Incorporated

12. RPP-CALC-62573, IXC-150 Thermal Analysis, Rev. 0, ARES Corporation

13. Drawing H-14-024857, TSCR P&ID, Rev. 2, AVANTech Incorporated

14. Drawing H-14-111270, TSCR Process Enclosure Piping Isometrics, Rev. 1, AVANTech Incorporated

15. RPP-RPT-60603, Interface Management Agreement between Tank Farm Upgrades (Project
#T1P190) and the Tank Side Cesium Removal Demonstration Project (Project #TD101), Rev. 1,
Washington River Protection Solutions

8.0 SUMMARY

The pressure relief valves protecting the TSCR IXC-150 shielded pressure vessels, the TSCR shielded
filters, and the TSCR delay tank from thermal over pressurization due to radioactive decay were sized in
accordance with ASME BPVC, Section VIII, Division 1 [2], API 521 Standard [3], and API 520 Standard [4].
It was determined that a pressure relief valve that could flow more than 0.0023 gallons per minute (see

Section 9.1.1) with a discharge area of 8.93x106 square inches (see Section 9.1.2) is required. A
recommended pressure relief valve that will provide the required thermal overpressure protection for the
TSCR System pressure vessels is a Leser Compact Performance Pressure Relief Valve, model number
4373.2602-400 psi_g-V61V70H03HO01-3.2, with 1/2 inch inlet and outlet size connections that has a
discharge area of 0.122 square inches with a set pressure of 400 psig at 180 °F.
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9.0 CALCULATIONS

This calculation will size the pressure relief valve for the TSCR IXC-150 shielded pressure vessels, the
TSCR shielded filters, and the TSCR delay tank per ASME BPVC, Section VIII, Division 1 [2], APl 521
Standard [3], and API 520 Standard [4].

9.1 TSCR IXC-150 Shielded Pressure Vessels Pressure Relief Valve Sizing
9.1.1 Maximum Volume Flow Rate

The API 521 Standard [3] will be used to determine the maximum volume flow rate required to provide the
thermal overpressure protection for the trapped liquid inside the TSCR IXC-150 shielded pressure vessels.

Tpin =5 °C Minimum bounding temperature, Section 2.0, CDI-3

T, = 4.9°C First temperature, [3], pg. 35

T,:=5.1°C Second temperature, [3], pg. 35

b, = 999.965 <& Density of water at 4.9 °C, [5], Table 3-28, pg. 3-75 and
. Section 2.0, CDI-2

0, = 999.962 X Density of water at 5.1 °C, [5], Table 3-28, pg. 3-75 and
. Section 2.0, CDI-2

p g p g
Oy 5= ! 2 =1.500 x 10_5 L Cubic expansion coefficient for water at 5 °C, [2], eq. (4), pg. 35
2(Ty = Ty)-prpa A°C

Toax = 99 °C Maximum bounding temperature, Section 2.0, CDI-3

T, :=98.9°C First temperature, [3], pg. 35

T, :=99.1°C Second temperature, [3], pg. 35

b, = 959,153 <& Density of water at 98.9 °C, [5], Table 3-28, pg. 3-76 and
. Section 2.0, CDI-2

py = 959_o1ok_g Density of water at 99.1 °C, [5], Table 3-28, pg. 3-76 and
. Section 2.0, CDI-2

p g p 2
Qy g9 == L S 7.455 % 10_4 1 Cubic expansion coefficient for water at 99 °C, [2], eq. (4), pg- 35
2(Ty = Ty)-prpa A°C
= 800 W Total energy rate from radioactive decay, [12], pg. 12.

Note: For bounding case total energy rate of 800W was used whenever
the actual energy rate is 707W.
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P15.6 == 999.007 ke Density of water at 15.6 °C, [5], Table 3-28, pg. 3-75 and
e Section 2.0, CDI-2

K
ps = 999.964 —g3

Density of water at 5 °C, [5], Table 3-28, pg. 3-75 and
Section 2.0, CDI-2

m
Pog = 959.082 ke Density of water at 99 °C, [5], Table 3-28, pg. 3-76 and
m Section 2.0, CDI-2
ds = P =1.001 Relative density referred to 15.6 °C water for 5 °C, [3], pg. 33
P15.6
dgg = P =0.960 Relative density referred to 15.6 °C water for 99 °C, [3], pg. 33
P15.6
c5 = 4.216i =4216 . Specific heat capacity of water at 5 °C, [6], Appendix 35.B, pg. A-98.
kg'K kg-K Note: Interpolated table values to determine defined variable value.
Cog 1= 4,233i = 4238 g Specific heat capacity of water at 99 °C, [6], Appendix 35.B, pg. A-98.
kg-K kg'K Note: Interpolated table values to determine defined variable value.
. 3
oy 5 —9m . o
qgs=————— =2844x 10 ~ — Volume flow rate at 5 °C expressed in m3/s, [3], eq. (1), pg. 33
1000d5'C5 S
qs =4.507x 10 5gpm Volume flow rate at 5 °C expressed in gallons/min
Qty 99" -7 m o in m3
Qo= —————=1466x 10 =~ — Volume flow rate at 99 °C expressed in m3/s, [3], eq. (1), pg. 33
1000(199'099 S

Qg9 = 0.0023 gpm

q:= max(q5,q99) =0.0023 gpm

Volume flow rate at 99 °C expressed in gallons/min

Maximum bounding volume flow rate expressed in gallons/min




Prepared By: J. Rogers / Date: 6/25/19
Checked By: L. Harrison / Date: 6/25/19
Client Name: WRPS

Project No.: 1813

Project Title: Tank-Side Cesium Removal
Demonstration Project

Page 10 of 13

Calc. No.: RPP-CALC-62495
JN\AVANTech e

C O RPORALTESTD Calc. Title: Pressure Relief Device
Calculation

CALCULATION SHEET

9.1.2 Required Discharge Area of Pressure Relief Valve

ASME Section VIII, Division 1 requires that capacity certification be obtained for pressure relief valves
designed for liquid service. The procedure for obtaining capacity certification includes testing to
determine the rated coefficient of discharge for the liquid relief valves at 10% overpressure

([4], Section 3.8.1.1, pg. 52). Valves in liquid service that are designed in accordance with the ASME
BPVC Code, which require a capacity certification may be sized using Equation 3.9 of APl 520 Standard

([4], Section 3.8.1.2, pg. 52).
Q:=q=0.0023 gpm
Py, =40 ft_hd

Ppp := 400 psi
Py = max(O.lO-PDP, 3psi) = 40 psi
p1 = Ppp + P, = 440.00 psi

p2 = Py, =17.34psi

Ky = 0.333
Ky = 1.0
K.=10
K,=1.0
G=1.0

A= Q g
38'Kd'Kw'Kc'Kv P1—P2

A=893x 10 % in’

Ay = 0.122 in2

A,
Chyeq i= — = 1366006.54 %

Maximum bounding volume flow rate, Section 9.1.1
Maximum feet of head of sump pump, Section 2.0, CDI-4

Design pressure (psig) of pressure vessel at 180 °F, [9], [10],
and [11]

Overpressure allowance (psig), [2], UG-125(c), pg. 89
Upstream relieving pressure (psig), [4], pg. 52
Back pressure on pressure relief valve (psig), [4], pg. 52

Coefficient of discharge for liquid for pressure relief valve,
Attachment A, pg. A-2

Correction factor due to back pressure, [4], pg. 52

Combination correction factor, [4], pg. 52. Note: No rupture disk is
installed upstream of the pressure relief valve.

Correction Factor due to viscosity, no viscosity correction, [4], pg. 52
Specific gravity of water, [6], pg. 14-4
Required effective discharge area of pressure relief valve without

viscosity correction, [4], eq. (3.9), pg. 52

Actual discharge area of pressure relief valve, Attachment A, pg. A-3

Capacity exceed percentage of selected pressure relief valve based on
area

Apressure relief valve with a minimum discharge area of 8.93x106 in2 or larger is required for the thermal
overpressure protection of the TSCR IXC-150 shielded pressure vessels in the TSCR System. A Leser
Compact Performance Pressure Relief Valve, model number 4373.2602-400 psi_g-V61V70H03H01-3.2,
with 1/2 inch inlet and outlet size connections that has a discharge area of 0.122 square inches with a set
pressure of 400 psig at 180 °F is a recommended pressure relief valve for this application (see

Attachment A).
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9.1.3 Velocity and Pressure Drop in Discharge Tubing

The Crane Co. Technical Paper No. 410 [8] will be used to determine the velocity and pressure drop
through the discharge piping/tubing of the TSCR IXC-150 shielded pressure vessels.

Tpnax = 210.2 °F

Pym = 14.70 psi

p1 = Ppp + P, = 440.00 psi

P:=p; + Py = 454.70 psi

L:=4m

—og™
g:=09. 5
S

OD := 0.500 in
t,, = 0.049 in

ID := OD —2-t,, = 0.402 in

D:=1D =0.0102 m

2
D
A::ﬂ—=8.
4

189% 10> m

3
7

q=1466%x 10 L

p:= 0.286 cP

S

Poo = 0.959 g—m3

cm
v= - 22982 st
P99
v=d o 1790x 1073 2
A S
6
Dvx 10
R, = ———— = 0613
vV
4
£ 8 0441
R,
2
L _
hy = f-——— = 6.687x 10
D 2g

2

3

m

Maximum bounding temperature expressed in °F, Section 9.1.1
Standard atmospheric pressure, [6], Table 14.1, pg. 14-3

Upstream relieving pressure (psig), Section 9.1.2

Upstream relieving pressure plus atmospheric pressure (psia)
Estimated maximum length of discharge tubing, [14], Sheets 34 and 35
Gravitational acceleration - Earth, [8], pg. 4-7

Outside diameter of discharge tubing, [14], Sheets 34 and 35

Wall thickness of discharge tubing, [14], Sheets 34 and 35

Inside diameter of discharge tubing

Inside diameter of discharge tubing expressed in meters, [8], pg. 4-7

Cross-sectional area of discharge tubing expressed in m2, [8], pg. 4-7

Maximum bounding volume flow rate expressed in m3/s, Section 9.1.1

Viscosity of water at 210.2 °F and 454.70 psia expressed in centipoise,
[8], pg- A-2. Note: Interpolated table values to determine defined
variable value.

Density of water at 99 °C expressed in grams/cm3, Section 9.1.1
Kinematic viscosity of water expressed in centistokes,
[6], eq. 14.19(a), pg. 14-8

Mean velocity of flow through discharge tubing, [8], pg. 4-7

Reynolds number, [8], pg. 4-7. Note: Flow is Laminar.

Friction factor, [8], pg. A-25

Head loss in discharge tubing, [8], pg. 4-7
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APy emp = 0.1:0.815-hy, Pressure drop in discharge tubing expressed in kg/cmZ, [8], pg. 4-7
-4 k
APy oy = 5.450x 107 ¢ =&
cm
AP, = 14.2233- APy o Pressure drop in discharge tubing expressed in psi, [8], pg. B-11

AP, = 0.0078 psi
The pressure drop due to the 1/2 inch diameter discharge piping/tubing is minuscule in comparison to the

actual design pressure of the TSCR IXC-150 shielded pressure vessels. The pressure relief valve will
discharge properly if over pressurized.

9.2 TSCR Shielded Filters and TSCR Delay Tank Pressure Relief Valve Sizing

The overpressure protection design for the TSCR shielded filters and the TSCR delay tank are similar to
the TSCR IXC-150 shielded pressure vessels. The TSCR IXC-150 shielded pressure vessel is the
bounding case for the total energy rate for the radioactive decay. The total energy rate for the TSCR
shielded filters and the TSCR delay tank for the radioactive decay will be significantly lower.

For these reasons, the analysis to size the TSCR IXC-150 shielded pressure vessels pressure relief valve
will apply to the TSCR shielded filters and the TSCR delay tank. Thus, the pressure relief valves protecting
the TSCR shielded filters and the TSCR delay tank from thermal over pressurization due to radioactive
decay will be identical to the TSCR IXC-150 shielded pressure vessels.

10.0 CONCLUSIONS

The pressure relief valves protecting the TSCR IXC-150 shielded pressure vessels, the TSCR shielded
filters, and the TSCR delay tank from thermal over pressurization due to radioactive decay were sized in
accordance with ASME BPVC, Section VIII, Division 1 [2], API 521 Standard [3], and API 520 Standard [4].

It was determined that a pressure relief valve that could flow more than 0.0023 gallons per minute (see

Section 9.1.1) with a discharge area of 8.93x106 square inches (see Section 9.1.2) is required. The
pressure drop from the discharge piping/tubing is estimated to be 0.0078 psi, which is minuscule in
comparison to the design pressure of the TSCR pressure vessels.

Arecommended pressure relief valve that will provide the required thermal overpressure protection for the
TSCR IXC-150 shielded pressure vessels, the TSCR shielded filters, and the TSCR delay tank is a Leser
Compact Performance Pressure Relief Valve, model number 4373.2602-400 psi_g-V61V70H03H01-3.2,
with 1/2 inch inlet and outlet size connections that has a discharge area of 0.122 square inches with a set
pressure of 400 psig at 180 °F.
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11.0 ATTACHMENTS

Attachment A - Leser Pressure Relief Valve Literature
Attachment B - Cat Pump Literature
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Attachment B — Cat Pump Literature
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GENERAL SAFETY AND OPERATION

TROUBLESHOOTING
1. Use with the proper electrical receptacle. On single phase PUMP WON'T START
models cord is supplied with a grounding type, o Blown fuse or tripped circult - e Check power supply.
3-prong plu ® Low voltage line ® Check power supply.
p g plug. ® Defective motor ® Qverheated and burned out unit must be replaced.
NOTE: DO NOT USE GROUNDING ADAPTER.  Impeller clogged o Check for proper particle size. Maximum 3/8" and 2%
£ g 4 concentrate and raise from bottom of pit.
2. Do not use if outer covering of cord becomes excessively o Not primed « Reposition pump in liquid with minimum 2-3/8 liquid.
cut or worn. PUMP CYCLES ON AND OFF
3. Each pump comes with a built-in handle for liting. For o Insufficient liquid © Reposition pump in pit or remove if liquid Is too low.
@ Pump run dry ® Keep liquid within pump limits. Remove If liquid is low.

added convenience, the 899045 25 ft. marine rope can be

@ Liquid temperature to high e Keep liquid within pump limits.
attached to the handle.

PUMP OPERATES BUT DELIVERS LITTLE FLOW

WARNING o Impeller clogged  Check liquid and particle size. Flush impeller area.
Do not lift with power cord. This can cause damage to :\Lﬁw volta‘ge . g"’e“’k power S”PPt'y'
the connection and result in shock or serious injury. D e e pEmIp TS
4. Continued cycling on and off is an indication the motor AUTOMATIC MODELS
is in overload. Make certain the pump is level and ade- e
quately submersed in liquid. Model | HP | Phase | Volls | Amps | A B ¢ D | E(NPT)| WL (Ibs.)
NOTE: CONTINUED OPERATION WITH EXCESSIVE g - ol BBl R A -84 0 -1 -
CYCLING WILL OVERHEAT AND BURN OUT MOTOR. tkeot | w2 | 1+ | 115 | s0 | 1718 | 132 | a2 | 262 | 150 | 27
5. All automatic models - k3ot | w4 | 1+ | 115 | 122 [ 1718 | 1362 | 825 [ 262 | 150 | 27
come with a float switch MANUAL MODELS
tO ShUt 'Off unit when 1 Pump-Motor Dimensions (in.)
liquid level drops below Model | HP | Phase | Valis | Amps | A B c D | E(NPT)| WL (ibs.)
n ko2 | w3 | 1+ | 115 | 40 [ 1025 | 8es | 637 | 237 [ 125 | 1

safe operation. For field
retro-fit, the 899080
[115V] or 893081 [230V]
float switch can be

1K103 173 1* 115 40 10.25 | 8.66 637 | 237 | 1.25 1
1K203 12 1 115 8.0 17.18 | 1362 | 825 | 237 | 150 27
1K204 12 3 |208/230|3.0/3.1 | 13.87 | 12.37 | 825 | 237 | 1.50 27
1K205 172 3 460 | 1.55 | 13.87 | 1237 | 825 | 237 | 150 27
1K303 3/4 e 116 | 122 | 17.18 | 13.37 | 825 | 237 | 1.50 28

added to automate the : 5 = a0 | am | a3 |e0830|3938 | 1387 | 1237 | 825 | 237 | 150 | 28
manual units. k305 | a4 | 3 | 460 | 20 | 1367 | 1237 | 825 [ 237 | 150 | 28
1K404 1 3 208/230( 4.8/4.8 | 14.81 | 13.37 8.25 237 1.50 a1
. T ",‘;‘,‘ 18405 | 1 a | 40 | 25 | 1481|1337 | 825 | 237 | 150 | a1
W i == 1Ksos | 172 | 3 [208/230|5.4/53 | 1481 | 1387 | 825 | 237 | 150 [ 3
liquid level ﬂ‘ Tum off lavel 1K505 1-1/2 3 460 27 1481 | 1337 | 8.25 237 1.50 A

| Y O Z{MS'I *0nly single phase has motor over-load and auto-reset.

1K SERIES PERFORMANCE RANGES DIMENSIONAL
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WARRANTY
[ This pump is warranted for one year from date of purchase.
GPM 10 20 30 40 50 60 70 80 90 - i 4 ool
P & %6 114 451 189 227 265 303 a4 ) lmproperlnstallatlon apd use will void the_war_ranty.
FLOW Tampering with the power cord, impeller or seals will void the warranty.

CAT PUMPS (U.K.) LTD.
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